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The relationship between gut microbes and nutritional status is complex and has been a long-standing subject of intense debate. The composition of the gut microbiota is known to determine the efficacy of energy harvest from food. 2 In turn, the composition of the diet we consume is known to affect the microbial community composition. 3 To date, most attention has focused on the impact of dietary excess and obesity-related disorders and their effect on the microbiota. The relationship among the gut microbiota, exercise and related dietary changes has received much less attention. Loss of community richness/biodiversity has been demonstrated in obesity studies while increased diversity, which has been advocated to promote stability and improved ecosystem performance, is associated with increased health in certain populations. 4 This has led to the suggestion that microbiota diversity could become a new biomarker for health status. It has been suggested that monitoring the gut microbiota annually to determine changes in the composition and stability could be sufficient to detect health status changes. 5 Studies that have examined changes in the gut microbiota in obesity almost unanimously demonstrate that obese individuals have altered levels of certain bacterial groups with a loss of biodiversity being the consistent outcome. These studies have highlighted the impact of weight loss on microbial diversity and the changes in metabolism and immune response associated with the weight loss. All studies to date however have focused on assessing changes in overweight individuals; no studies have attempted to assess changes in relation to exercise in healthy individuals. When considering the dietary extremes associated with intense exercise, the intention is usually reduced caloric intake achieved through high protein intake with low fat/carbohydrate intake. The amount, type and balance of the three main dietary components, that is, protein, carbohydrates and fat, have a profound impact on the gut microbiota. Low carbohydrate diets in which carbohydrates are largely replaced by increasing dietary protein and/or fat have proved a popular weight loss strategy although they remain controversial among nutritionists. Reduced dietary carbohydrate intake by overweight adults has been shown to impact on the gut microbial composition and activity. 6 Short chain fatty acids, primarily butyrate, propionate and acetate, are the main end products from microbial degradation of carbohydrates in the gut. The range of end products generated by protein digestion is broader than that of carbohydrates. Exercise alone can also influence the gut microbiota composition although impact of exercise on gut motility and transit time must also be considered. Matsumoto et al 7 showed that non-obese rats that participated in voluntary running exercise had increased colonic butyrate concentrations compared with sedentary rats. It has also been demonstrated that physical activity increases expression of IgA and cytokines such as interleukin-6 and TNF-α which may lead to alterations in host-microbial interactions and ultimately impose selective pressure on bacterial selection. 8 In the first study of its kind, Clarke et al demonstrated the impact of exercise and associated dietary changes on the gut microbiota by studying a professional rugby team during a regulated environment of preseason training. 9 This pioneering approach demonstrated that gut microbiota diversity was significantly higher in the athletes compared with size matched (high Body Mass Index (BMI ∼30)) and age/gender matched (lower BMI <25) control groups, with few differences seen between the two control cohorts. As well as differences in microbial diversity, athletes had lower inflammatory and improved metabolic markers compared with controls, in particular the high BMI controls. Dietary consumption by the athlete group was significantly different to the controls. They consumed more calories, with increased protein, fat and carbohydrate per day consumed than both control groups. Microbiota diversity measures positively correlated with protein intake and plasma creatine kinase levels (a marker of extreme exercise), which suggested that both diet and exercise were driving the changes in microbial diversity. The article is the first report that exercise increases gut microbiota richness/ diversity and highlights that exercise is another important factor in the complex relationship among the host, host immunity and the microbiota.
The overall aim of the studies of the gut microbiota in health and disease is to find associations between lifestyle changes and functional consequences of alterations in the gut microbiota. By being able to identify the impact of such activities, we can aim to reproduce the positive impacts through manipulation of the gut microbiota. Through review of the amassed literature, various microbial taxonomic changes in the gut, in varying nutritional statuses have been reported but these are not reflected by significant changes in function. Comparatively rare species however can have potentially profound effects on host physiology and may explain the link between gut microbiota shifts and physiology changes. But it must be remembered that any changes are transient and only persist while the defined dietary/exercise regimen is followed.
As life expectancy continues to increase, it is important that we understand how best to maintain good health. Never has this been more relevant than in respect of our resident microbiota. Understanding the complex relationship among what we choose to eat, activity levels and gut microbiota richness is essential. Our diet and exercise patterns are continuing to change as a knee-jerk response to keep pace with our increasingly hectic lifestyles. The fact remains though that our gut microbiota is not programmed to keep pace with the demands that modern life throws at us. Research focused on sustaining health rather than restoring health is urgently needed. Understanding the impact of exercise and the nutritional value of foods in terms of relevance to our microbiota is essential. Developing new ways to manipulate the beneficial properties of our microbiota by finding ways to integrate health-promoting properties into modern living should be the goal. 
